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Complex Interactions at Bio/Material InterfaceComplex Interactions at Bio/Material Interface

CellCell--Cell Cell 
InteractionsInteractions

Growth Growth 
FactorsFactorsNutrientsNutrients

Tissue Tissue 
engineering engineering 
must address must address 
parameters from parameters from 
both materials both materials 
science and science and 
cell biologycell biology

ExtracellularExtracellular
Matrix ProteinsMatrix Proteins

100 µm

Scaffold Scaffold 
MaterialsMaterials

Extracellular Extracellular 
SignalsSignals
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Reference Materials that Guide 
Cellular Response

Biological materials have structures 
controlled on scales from millimeters 
to nanometers. Biomimetic materials 
require control of:

• Microstructure and 
nanostructure

• Physical properties and 
biochemical signals

Designing materials to guide cellular 
response

Biochemical
Signal

PEG Comb
Polymer

Backbone

6 µm
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Poly(L-lactic Acid) Drug delivery
Poly(glycolic acid) Sutures
Polyurethanes Artificial valves
Polyethylene Hip Prostheses

Traditional

Blends – Novel multicomponent biofunctional systems

• Bioinspired (eg. Bone, cartilage)

• Combine structural and functional components

• Morphological Control 

Thermodynamics
Patterning
Processing

Polymer blends: Biomaterial candidatesPolymer blends: Biomaterial candidates

Large Parameter Space  Large Parameter Space  ⇒⇒⇒⇒⇒⇒⇒⇒ Combinatorial Combinatorial 
and Highand High--Throughput ApproachThroughput Approach
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QuickTime™ and a
Video decompressor

are needed to see this picture.
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Polymer Blend MicrostructurePolymer Blend Microstructure

aa

bb
20

40

60

80

100

120

140

0.1 0.2 0.3 0.4 0.5 0.6 0.7

T
 (Þ

C
)

φφφφPCL

Tm

a"a"

b"b"

a'a'

b'b'

PCL rich

PDLA rich

Meredith and Amis, Meredith and Amis, MacromolMacromol..
Chem. Phys.Chem. Phys.,, 201,201, 733 (2000)733 (2000)

Blend of: Blend of: 
Poly(Poly(lactidelactide) with ) with 
poly(poly(caprolactonecaprolactone))
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FITCFITC--labeled protein A (labeled protein A (MMww = 40,000)= 40,000)
PCL (36%) / PDLA (64%) BlendPCL (36%) / PDLA (64%) Blend
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HighHigh--Throughput Investigations Throughput Investigations 
of Cellof Cell--Material InteractionsMaterial Interactions

●● The massive parameter The massive parameter 
space inherent in tissue space inherent in tissue 
engineering makes the engineering makes the 
development of development of 
combinatorial methods combinatorial methods 
appealing.appealing.

●● Gradient libraries may form Gradient libraries may form 
the basis for advanced the basis for advanced 
assays of biomaterial safety assays of biomaterial safety 
and efficacy, both in product and efficacy, both in product 
development and quality development and quality 
control.control.

T

Composition

The interaction of cells with 
polyester blends shows an 
unexpected response as a 
function of blend composition 
and processing temperature

Image courtesy of Dr. J. Carson Meredith (MSEL)

Spanning complex parameter 
spaces in single experiments
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AsAs--cast filmcast film

Atomic Force MicroscopyAtomic Force Microscopy

Optical Optical 
MicroscopyMicroscopy

Thickness gradientThickness gradient

(Domain Size)(Domain Size)

Thickness Gradient PCL / PLA Phase Thickness Gradient PCL / PLA Phase 
Separated Blend Separated Blend 
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100 x

20 x

Cell population and shape with scale of phase separation

100 x

20 x

Cell population and shape with scale of phase separation

Day 1Day 1-- 20x (75020x (750µµµµµµµµm)m)

Composition 

Lateral Scale (ξ)

Roughness (ζ)

Crystallinity

Screening for Optimal Scales of Surface StructureScreening for Optimal Scales of Surface Structure

Adhesion

Spreading

Shape 

Proliferation

Variation of Variation of 
surface propertysurface property

Cell Cell 
responseresponse
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Cell Morphology Control with Topography Cell Morphology Control with Topography 

11 µµµµµµµµm pattern m pattern -- PolygonalPolygonal 55 µµµµµµµµm pattern m pattern -- PolygonalPolygonal

33 µµµµµµµµm pattern m pattern -- RoundedRounded
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Osteoblastic (MC3T3Osteoblastic (MC3T3--E1) Cells on PLA and E1) Cells on PLA and 
cultured PS controls (3 Days)cultured PS controls (3 Days)

20 µµm 20 µµm

PLAPLA PSPS
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Day 1 Day 1 –– OsteoblastOsteoblast Cellular Response Cellular Response 
Libraries of controlled spatial distribution of bio-reception

80 µm

Pattern Directed vs. Isotropic Region Cell Adhesion 

Anisotropic 
cell adhesion

Specific focal 
adhesion 
(PDLA)

AFM ImagesAFM Images

120 µm

Isotropic cell 
adhesion

Specific focal 
adhesion 
(PDLA)
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Positive Resist

Oxide Layer (1 um thick)

Chrome on Quartz mask

Develop

Etching with HF

Stamps for 
Chemical Patterning Physical Patterning

Lithographic Pattern ProductionLithographic Pattern Production

A range of patterns from 2 to 100 µµµµm.

Light Source

Silicon Wafer
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Cells Alignment on Grooves and Ridges (12 Cells Alignment on Grooves and Ridges (12 µµµµ m)m)
How Is Directed Cell Growth Accomplished?How Is Directed Cell Growth Accomplished?

“Ridge Walking”

Cells Sense Topography By Reacting to Discontinuities
Cells are able to bridge smaller grooves

Deeper Grooves Cause Confinement Effects

20 µµm

Spreading Area ~ 2100 um2
PLA PLA coated grooves

12 µµ m

Spreading Area ~ 900 um2
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Pattern Directed Phase SeparationPattern Directed Phase Separation

Phase ImagePhase Image

11 µµµµµµµµmm33 µµµµµµµµmm66 µµµµµµµµmm

Topographical ImageTopographical Image

PCLPCLPDLAPDLA

PolyPoly--εε--caprolactonecaprolactone
and and 
PolyPoly--DD--lactic acidlactic acid
(36/64)(36/64)

Libraries of spatial distribution of bio-reception
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Osteoblastic cells on PLA Coated StripesOsteoblastic cells on PLA Coated Stripes
Groove Width varying from 2Groove Width varying from 2--2121 µµµµ m (3 Days)m (3 Days)

4 µµm 6 µµm 12µµm

18 µµm 24µµm 30 µµm



Polymers
Materials Science
and Engineering

Polymers
Materials Science
and Engineering

22
Groove Spacing (µµµµm)
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Epithelial Cells on Stripes (3 days)Epithelial Cells on Stripes (3 days)

Epithelial Cells are smaller and 
proliferate faster than the osteoblast cells

Directed Cell Population Growth

No Measurable Difference Between
Substrates B and C.

Decreasing Groove Spacing
Epithelial cell colony  on PLA

40 µµµµm
40 µµµµm
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Darker  Membrane Stain is indicative 
of less cell spreading

Small induction of symmetrical growth
by pattern

Optimal cell proliferation region

Cell Proliferate more when the 
squares are holes

A Closer Look At Square PatternsA Closer Look At Square Patterns

Dimension of the Squares (µµµµm)
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Test Patterns and Cell Function IndicatorsTest Patterns and Cell Function Indicators

Couple materials science and cell biology expertise to prepare
reference materials of varying surface properties, 

cells that signal their functional state, and maps of cell responses

Characterization 
of properties

Assays of 
cellular 

mechanisms

Materials 
science

Cell  
biology

Scaffolds

Tissue Engineering
Response Functions

Cell Response

Cell lines, 
attachment 

proteins, growth 
factors

Composition, 
charge, 

roughness, 3D 
order, modulus

Cellular 
Function
Metrology

Improved 
Reference
Materials
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ManufacturabilityManufacturability

T

Composition

Defining, or at least 
describing, the tolerance 
limits for manufacturing 
materials for biomaterial 
(e.g. tissue engineering or 
drug delivery) applications

Quality assurance 

Regularity qualification
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Addressing Regulatory QualificationAddressing Regulatory Qualification

Calibration

Verification of Scaffold 
Functionality

Verification of 
Cell Viability

Reference cells Reference materials

Test patterns and cell function indicators constitute a self-contained testing 
methodology for tissue engineered medical products
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